This study evaluated associations among cardiovascular autonomic neuropathy (CAN), female sexual dysfunction (FSD), and urinary incontinence (UI) in women with type I diabetes mellitus (T1DM).
most common and earliest signs of autonomic neuropathy, with FSD and UI is unclear (13, 14) .
The autonomic nervous system plays a critical role in regulating multiple organ systems, through a broad network of small afferent and efferent unmyelinated nerve fibers. These nerve fibers are sensitive to diabetes-induced dysfunction and damage, known as autonomic neuropathy (15). Although the magnitude of signs and symptoms varies, from asymptomatic small fiber dysfunction to severe impairment of neurovascular function, glycemic control and diabetes duration are directly related to systemic autonomic nervous system dysfunction (14, 16) . Therefore, once diabetic autonomic neuropathy has affected one organ system, other organ systems are also likely to be involved.
The objective of this study was to evaluate the associations between CAN with FSD and UI in female participants of the Epidemiology of Diabetes Interventions and Complications (EDIC) study, the observational follow up to the Diabetes Control and Complications Trial (DCCT). The DCCT/EDIC cohort is a large and wellcharacterized cohort of individuals with T1DM, continuously monitored for ;30 years, with available data on numerous diabetic complications, risk factors and medication use (17) (18) (19) . We evaluated the association of CAN (assessed during DCCT and EDIC [20, 21] ) with FSD and UI (assessed during EDIC) as part of UroEDIC, an ancillary study of urologic complications (22, 23) .
RESEARCH DESIGN AND METHODS

Population and Setting
The DCCT and EDIC studies have been described in detail (17) (18) (19) . Briefly, 1,441 subjects with T1DM for 1-15 years with no (primary prevention cohort) or minimal diabetic retinopathy (secondary intervention cohort) were enrolled in DCCT. Subjects were randomly assigned to intensive or conventional treatment and were monitored for a mean of 6.5 years, (range 3-9) (18). At the end of DCCT, intensive therapy was recommended for all subjects. Annual EDIC examinations began in 1994, with 1,375 (96%) former DCCT subjects consenting to participate in EDIC. A detailed description of EDIC study procedures and baseline characteristics has been previously published (17).
Of the original 680 women enrolled, 676 completed the DCCT in 1993, and 655 (96%) agreed to participate in the first annual examination of EDIC in 1994. UroEDIC, an ancillary study designed to examine urologic complications of diabetes, included the first FSD and UI evaluations in 2003, which were repeated in 2010 (Fig. 1) . At EDIC year 17 (in 2010), 580 of the 618 active women (94%) agreed to participate in UroEDIC, and among them, 371 and 571 had valid FSD and UI information, respectively, and comprise the cohort for the current analyses. Figure 1 summarizes the timeline for data collection for FSD, UI, and neuropathy data for DCCT/EDIC. All DCCT/EDIC procedures were approved by institutional review boards of all participating centers. Written informed consent was provided by all participants.
FSD and UI Evaluation
FSD was evaluated by the abbreviated version of the Female Sexual Function Index (FSFI-R), a widely used, well-validated, multidimensional, self-report measure that assesses sexual function across six domains, including sexual desire, arousal, lubrication, orgasm, satisfaction, and pain. Presence of FSD was defined by a score $22.75 on the FSFI-R (24). UI was determined by incontinence frequency and amount of urine lost per episode (drops, small splashes, more), using the validated Sandvik Severity Index (25) . The Sandvik Severity Index is calculated from frequency and amount of urine loss on a scale of 0 to 12 (dry/mild: -0 to 2, moderate: -3 to 6, severe: -8 to 9, very severe: -12). For this study, presence of UI was defined as Sandvik Severity Index of 3 to 12 (moderate/very severe UI).
CAN Evaluations
Standardized CAN evaluations were established as part of DCCT and rigorously applied and interpreted throughout the study. Briefly, these included R-R response to paced breathing (R-R variation), Valsalva maneuver, and postural changes (supine-to-stand) in blood pressure measured at baseline, biennially during DCCT, and at years 13/14 and 16/17 during EDIC (20,26). These cardiovascular reflex tests are objective, highly reproducible, and still recommended by consensus in the field as the gold standard (27) . All subjects were asked to fast and avoid vigorous exercise for 24 h and caffeine and tobacco products for 8 h before CAN testing and to hold all prescription and over-the-counter medicines (except for basal insulin) until testing was completed (20, 26) . Subjects who experienced hypoglycemia after midnight (blood glucose #50 mg/dL or signs/symptoms of hypoglycemia) and subjects with acute illnesses 48 h before testing were excluded from CAN testing. Subjects with proliferative retinopathy, recent history of laser therapy or vitrectomy, and/or no eye examination in the last 4 years and those who could not perform the required forced expiration were excluded from the Valsalva maneuver.
CAN testing was performed with Hokanson ANS2000 devices (Hokanson Inc., Bellevue, WA), and results were analyzed at a single reading center. All CAN measurements were reviewed by a single investigator, masked to DCCT treatment assignment, with extensive expertise in neurophysiology, who determined whether the technical quality of the recording and conditions of the test met study criteria. Intrasubject reproducibility of the CAN tests was evaluated using same-day, test-retest on a random subset of 185 DCCT/EDIC participants across all EDIC sites and revealed high test-retest correlations for R-R variation (k = 0.78) and Valsalva (k = 0.80, P , 0.0001 for both).
The standardized cut points for CAN measures used in DCCT included an R-R variation ,15 and a Valsalva ratio #1.5.
Abnormal CAN function was defined as R-R variation ,15 or R-R variation between 15 and 19.9 plus a Valsalva ratio #1.5 or a supine-to-standing drop of 10 mmHg in diastolic blood pressure (DBP) (20) . Because more recent evidence has demonstrated that categorical cutoffs for R-R and Valsalva may have limitations due to the important effect of age on heart rate variation (28, 29) , we have also included the changes in age-adjusted continuous measures of the R-R variation and Valsalva ratio in the analyses.
Other Evaluations
Hemoglobin A 1c (HbA 1c ) level was measured at baseline and quarterly during DCCT and annually in EDIC using highperformance ion-exchange liquid chromatography, as previously described (30) . Systolic blood pressure (SBP) and DBP were measured quarterly during the DCCT and annually during EDIC. The time-weighted mean values for HbA 1c , SBP, and DBP were used, representing the running means up to each study visit in the DCCT and EDIC. Hypertension was defined as sitting SBP $140 mmHg and/or (31) . b-Blocker use was assessed annually because this is known to have the most direct effect on heart rate variability. Information on additional medications such as tricyclics, clonidine, angiotensin receptor blockers, or ACE inhibitors was not available. In addition, although neuropathic pain was assessed, prevalence in our cohort was quite low. Retinopathy was assessed using 7-field stereoscopic fundus photographs that were centrally graded using the Early Treatment Diabetic Retinopathy Study scale. Albumin excretion rate (AER) was measured in half of the cohort annually. Nephropathy was defined as microalbuminuria (AER 30-300 mg/24 h) or albuminuria (AER .300 mg/24 h).
Statistical Analysis
Descriptive analysis examined the distribution of demographic and clinical characteristics, markers of diabetes control and treatment, blood pressure control, and neuropathy measures by FSD and UI status. The Kruskal-Wallis test assessed differences in quantitative variables, and the contingency x 2 test assessed categoric variables. Multivariable logistic regression models estimated the associations, using odds ratios and 95% CIs, between quantitative and qualitative neuropathy measures and the presence of FSD or UI at EDIC year 17 after adjustment for DCCT cohort assignment, DCCT/EDIC time-weighted HbA 1c , DCCT/EDIC time-weighted SBP, age, duration of diabetes, BMI, smoking status, drinking status, postmenopausal status, parity, and any b-blocker medication use. Effects nominally significant at P # 0.05 are cited. Analyses were performed using SAS 9.3 software (SAS Institute, Inc., Cary, NC). and alcohol consumption, DCCT/EDIC time-weighted HbA 1c , the DCCT/EDIC time-weighted SBP, and any b-blocker medication use, are reported in Table  3 . No statistically significant associations were observed between measures of CAN at DCCT closeout and subsequent report of FSD or UI. At EDIC year 13/14, there was a 68% increased odds of having UI with a Valsalva ratio #1.5 (odds ratio 1.68; 95% CI 1.01, 2.78). At both EDIC year 13/14 and EDIC year 16/17, a 5-unit increase in R-R variation was associated with a 1.11 greater odds of having FSD (P = 0.02 for both). The remainder of the results were not statistically significant.
RESULTS
reported at EDIC year 17. Mean R-R variation and Valsalva ratio at EDIC year 13/14 were lower in women with UI compared with those without UI. Similarly, a greater proportion of women with UI had R-R variation ,15 and a Valsalva ratio ,1.5 at EDIC year 13/14. The mean Valsalva ratio and the proportion of women with a Valsalva ratio ,1.5 at EDIC year 16/17 was significantly lower in women
CONCLUSIONS
This study examined the association between measures of CAN with FSD and UI among a large cohort of women with long-standing T1DM participating in the DCCT/EDIC. We found that CAN was significantly more prevalent among women with FSD and/or UI, because 41% of women with FSD and 44% with UI had positive measures of CAN compared with 30% without FSD and 38% without UI at EDIC year 16/17. We also observed bivariate associations between FSD and several measures of CAN, including R-R variation ,15, the mean R-R variation, and Valsalva ratio #1.5, some as early as DCCT closeout. Similar associations were observed between CAN and UI at EDIC year 13/14. In multivariable analyses adjusting for known risk factors, such as age, BMI, postmenopausal status, parity, smoking, alcohol consumption, HbA 1c , SBP, duration of diabetes, and b-blocker use, lower R-R variation at EDIC year 16/17 was associated with significantly increased odds of FSD, and Valsalva ratio #1.5 was associated with increased odds of UI at EDIC year 13/14. Although autonomic dysfunction has been considered an important factor in the etiology of many diabetic complications, including constipation, exercise intolerance, bladder dysfunction, erectile dysfunction, orthostatic hypotension, and impaired neurovascular function, our study is among the first to systematically demonstrate a link between CAN and FSD in a large cohort of well-characterized patients with T1DM (14) .
Compared with erectile dysfunction, there are limited studies on the prevalence and predictors of FSD in diabetes. No demographic or macrovascular/ microvascular complications have been identified to be predictive of FSD in previous studies (6) . Although FSD due to diabetes is likely multifactorial, a neurogenic component has been proposed. A small study found women with diabetes had reduced reflexive capillary engorgement measured by vaginal photoplethysmography in response to erotic stimuli compared with control subjects without diabetes (8) . Another study evaluated biothesiometric (vibratory) sensation of multiple genital and extragenital sites among 30 women with diabetes and 20 control subjects (7) . Although women with diabetes showed significantly higher mean FSFI-R scores and higher biothesiometric values (reduced sensation) at each genital and extragenital site, there was no significant difference in biothesiometric values between women with diabetes with and without FSD. Notable limitations of previous studies on FSD in women with diabetes include the small number of subjects, incomplete evaluation of associated diabetic complications, use of nonvalidated questionnaires of FSD, and failure to distinguish between type 1 and type 2 diabetes (6). Several of these limitations have been addressed in the current study through use of a well-characterized cohort of women with T1DM and consistent measures of CAN and associated diabetic complications. In contrast to prior studies, 47% of the FSD patients had evidence of CAN at EDIC year 16/17, which is a quite Data are mean 6 SD or n (%). Sample sizes may vary due to missing data. FSD defined as FSFI-R score $22.75. UI defined as moderate to severe with a Sandvik Severity Index $3. P values are based on the difference between those with and without FSD or UI using the Wilcoxon rank sum test for quantitative variables or the contingency x 2 for qualitative variables. *Sample sizes vary based on data availability for individual measures of neuropathy. **Composite CAN defined as R-R variation ,15 or R-R variation between 15 and 19.9 plus a Valsalva ratio #1.5 or a supine-to-standing drop of 10 mmHg in DBP.
high prevalence overall compared with reported prevalence rates of various forms of autonomic neuropathy in general in other cohorts of T1D and significantly higher compared with those without CAN (32) .
Likewise, beyond studies of bladder dysfunction and UI prevalence, limited data are available on mechanisms and predictors of UI among women with diabetes. Mechanistically, alterations in bladder innervation, detrusor smooth muscle function, and urothelial dysfunction may contribute to overall bladder dysfunction and UI (9, 10) . Physiologic evaluation of autonomic neuropathy in diabetes as a marker of bladder dysfunction has been explored in two previous studies (11, 12) . In a study of 52 men with diabetes, Bansal et al. (11) reported an association between autonomic and peripheral neuropathy and diabetic cystopathy. Sympathetic skin response and motor and sensory nerve condition studies from the hands and feet were moderately predictive of urodynamic profiles, consistent with diabetic cystopathy. Similarly, Ueda et al. (12) found an association between decreased sympathetic skin response and cystometrogram findings in 23 patients with diabetes and 10 control subjects. However, small sample sizes, underrepresentation of female patients, nonstandardized physiologic evaluations, lack of distinction between type 1 and type 2 diabetes, and the possible confounding relationship with obesity on UI are important limitations of these previous studies.
Therefore, these data demonstrating associations between measures of UI, FSD, and CAN in our study provide new insights into the natural history of various forms of autonomic dysfunction and the role of subclinical changes in measures of CAN that may predict the development of FSD and UI in women with T1DM. Our findings suggest CAN measures may be sensitive markers of FSD and UI and may serve as potential clinical indicators for implementing specific prevention and treatment strategies for FSD and UI among women with T1DM earlier in the course of the disease. However, given that only a few of the CAN metrics were independently predictive of FSD and UI, other factors included in the multivariate models may be contributing to the causal pathway between CAN and these urologic complications.
This study has several limitations. The lack of FSD and UI assessment at DCCT closeout and EDIC year 13/14 and only having concomitant CAN and FSD and UI evaluations at one time point are notable limitations. However, given the mean age of 50.6 6 7.2 years at EDIC year 17, the prevalence of FSD and UI at DCCT closeout was likely to be very low. An adjustment for specific medications and cardiorespiratory fitness, which may affect heart rate variability, was not made and may confound test measures of CAN. In addition, the cohort primarily included Caucasian women, which limits the generalizability of our results to women with diabetes of other races.
However, strengths of this study include the large sample size of women with T1DM, standardized CAN assessments performed at more than one instance during DCCT and EDIC, FSD and UI assessment using validated questionnaires, and concomitantly obtaining CAN evaluation and FSD and UI assessments at EDIC year 16/17. In addition, patients with T1DM within DCCT/EDIC have been carefully evaluated for many associated cardiovascular risk factors, including blood pressure, lipids, BMI, smoking, and other microvascular and macrovascular complications.
Conclusion
In women with T1DM in the DCCT/EDIC, we found associations of CAN with the development of FSD and UI. CAN and specific measures of CAN, including R-R variation and Valsalva ratio, may predict development of FSD and UI with longstanding T1DM and may be a useful surrogate for generalized diabetic autonomic neuropathy. Future studies evaluating systematic CAN evaluations for development and progression of sexual and urinary dysfunction in diabetes are warranted.
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